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Fire, noise and lightweight materials 
Aim and Objectives of WP3 
 Three parallel topics: FST / NVH / EMC 
 T3.1 Fire & Smoke      (UNEW, Dupont, Bombardier, DLR) 
 T3.2 Noise & Vibration     (UTC, Bombardier, DLR) 
 Survey and recommendation of composite carbody-shell 
materials for railway applications concerning FST and 
NVH. 
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© UTC © DLR © Airbus DS 
Background   
3.1 Fire, Smoke and Toxicity (FST) 
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Example: 
OC 3 = Intercity – Tunnel Operiation 
DC D = Double decked vehicles  
Results and Conclusions (1/3) 
3.1 FST 
 Currently there is a lack of homologated structural composite  
materials in railway.  
 EN45545 test values mainly for composites used in interior application. 
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[http://rollingstockmaterials.com/database-2] 
[Gurit SE120FRS / SF120FRS] 
Epoxy/Carbon, Cytec MTM348FR [© Cytec] 
Results and Conclusions (2/3) 
3.1 FST 
 General guidelines on FST-compliant 
material choice: 
 Polymers with a high thermal stability, a low 
release rate of flammable volatile components 
and high charring. 
 There are alternatives to Epoxy resins with 
better FST properties, e.g. CE and PB. 
 Flame retardants as filler for fire sensitive 
matrix systems like epoxy, e.g. APP.  
 Coatings or Layers of flame retarding or non-
flammable materials (barrier) to keep away the 
fire from entering the structural area.  
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Synergy effects [DLR] 
Results and Conclusions (3/3) 
3.1 FST 
 Structural integrity in case of fire 
 Verification through analytical models 
using coupling tools between FE and 
CFD models (-> FIRE-RESIST project) 
 Fire test of intermediate scale is 
advisable to validate material models 
and FE/CFD model results. 
 Fire test of full scale is advisable for the 
most critical section of the structure. 
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[Fire-Resist] 
[Fire-Resist] 
[Fire-Resist] 
 
Background 
3.2 Noise, Vibration and Harshness (NVH) 
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[Griese2012] 
Challenges 
3.2 NVH 
 Due to the high stiffness of composite panels the resonance 
controlled region is shifted towards the medium frequency range 
and the panel can easily vibrate and radiate noise.  
 The critical frequency (fg) shifts to a lower frequency in comparison 
with a metallic panel. This can decrease the transmission loss for 
audible frequencies.  
 The bandwidth of the coincidence zone is wider due to different kind 
of wave propagating in the skins and the core materials. 
 Noise reduction gets worse with less weight and higher stiffness.  
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Case Study 
3.2 NVH 
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Sandwich Excitation Evaluation
CFRP – Toplayer
Resin: Epoxy 
top-layers: UD or quasi-
isotropic
Foam: Airex T90
Honeycomb: Aramid 
(alternative: 
Aluminium*)
GFRP – Toplayer
Resin: Epoxy
top-layers: quasi-
isotropic
Foam: Airex T90
Honeycomb: Aluminium 
(alternative: Aramid)
DAF,TBL
transmission loss, 
radiated power, modal 
density
density (kg/m^3) damping thickness(m)
E1 E2 E3 G12 G23 G13 v12 v23 v13
CFRP 46.6 44.3 44.3 4.4 4.4 4.4 0.15 0.15 0.15 1725 0.1 0.0039
GFRP 25.5 22.9 22.9 3.41 3.41 3.41 0.1 0.1 0.1 1950 0.1 0.0039
HC 0.17 0.17 0 0.042 1.48 1.48 0.996 0.3 0 55 0.01 0.06
steel 200 200 200 75 75 75 0.32 0.32 0.32 7841 0.007 0.0025
Young modulus (Gpa) Shear modulus (Gpa) Poisson's ratio
material
skin core skin
Physical 
phenomena frequency Hz
CFRP Foam CFRP Fc 2100
CFRP HC CFRP Fc 1200
GFRP Foam GFRP F2p 1840
GFRP HC GFRP Fc 1390
Fc 5700Steel
 Transfer Matrix Method (TMM) 
 Software: Nova 
 
Diffuse 
Acoustic 
Field 
(DAF) 
 
Turbulent 
Boundary 
Layer 
(TBL) 
 Material properties 
 solid for skin and honecomb 
 poroelastic for foam 
 
 Composite panel NVH properties  
TBL 
DAF 
Case Study Results 
3.2 NVH 
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Recommendations 
3.2 NVH 
 The common principle of using a heavier structure cannot be 
applied. 
 Optimize the multifunctional design, e.g. for an easier use of 
connectors with good damping characteristics to reduce vibration 
travelling into the panels 
 Dissipate vibro-acoustic energy by damping effect.  
 Optimize lay-up angle to increase the first Eigen frequency that is 
directly in relation with ride comfort. 
 Change the geometry of unit cell in honeycomb 
 Active / Smart Structures (sensors and actuators) 
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For more information contact: jens.bachmann@dlr.de 
 
Thank you for your attention! 
 
D3.1 Proposal of FST strategy for structural composite parts based on material properties (UNEW) 
D3.2 Proposal of NVH strategy for structural composite parts based on material properties (UTC) 
 
